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SYSTEM FOR PLAN ARIZING METAL CONDUCTIVE LAYERS 

BACKGROUND OF THE DISCLOSURE 
Field of the Invention 

[0001] The present invention relates to planarizing metal conductive layers, 
more particularly to planarizing metal conductive layers for use in integrated 
circuits and other electronic devices. 

Description of the Background Art 

[0002] Integrated circuits have evolved into complex devices that can include 
millions of components (e. g., transistors, capacitors, and resistors) on a single 
chip. The evolution of chip designs continually requires faster circuitry and greater 
circuit density. The demands for greater circuit density necessitate a reduction in 
the dimensions of the integrated circuit components. 

[0003] Sub-quarter micron, multi-level metallization is one of the key 
technologies for the next generation of ultra large scale integration (ULSI).. The 
multilevel interconnects that lie at the heart of this technology require 
planarization of interconnect features formed in high aspect ratio apertures, 
including contacts, vias, lines and other features. Reliable formation of these 
interconnect features is very important to the success of ULSI and to the 
continued effort to increase circuit density and quality on individual substrates 
and die. 

[0004] As circuit densities increase, the widths of vias, contacts, lines, plugs 
and other features, as well as the dielectric materials between them, decrease to 
less than 250 nanometers. The thickness of the dielectric layers, however, 
remains substantially constant, with the result that the aspect ratios for the 
features, i.e., their height divided by width, increases. Due to copper's electrical 
performance at such small feature sizes, copper has become a preferred metal 
for filling sub-quarter micron, high aspect ratio interconnect features on 
substrates. 
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[0005] In order to fill high aspect ratio features copper is typically electroplated 
to a thickness that exceeds the height of the feature, resulting in the deposition of 
copper in the "field" region above the feature. The copper is then typically 
planarized using a chemical mechanical planarization (CMP) process in order to 
remove copper from the field and to provide a smooth surface. Subsequent to 
CMP, dielectric and other material layers are deposited atop the metal feature. 
[0006] However, CMP processes used to planarize metal conductive layers, 
particularly copper layers, use chemical slurries of abrasive materials which are 
aggressive and can damage dielectric material layers adjacent to the metal 
conductive layer. Furthermore, metals such as copper show tendencies to form 
various defects during CMP processing. 

[0007] Furthermore, the system for deposition and planarization of copper that 
is commonly used in integrated circuit manufacture requires depositing the metal 
conductive layer in an electroplating metal deposition platform, planarizing the 
metal conductive layer using a CMP platform, and then depositing a dielectric 
layer using a third platform. The use of three separate platforms reduces overall 
system throughput and provides increased opportunities for contamination of the 
wafer and devices thereon. 

[0008] Therefore, a need exists for a system for planarizing metal conductive 
layers that is less aggressive than CMP and is compatible with integrated circuit 
processing. 

SUMMARY OF THE INVENTION 

[0009] The present invention generally provides a method of planarizing a 
metal conductive layer on a substrate. In one embodiment, a substrate having a 
metal conductive layer disposed on a top surface of the substrate is provided on 
a substrate support. The substrate support is rotated and the top surface of the 
substrate is contacted with a liquid etching composition in order to remove 
portions of a top surface of the metal conductive layer. The metal conductive 
layer is then exposed to an etchant gas in order to planarize the top surface of the 
metal conductive layer. 
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[ooio] In another embodiment, a substrate having a metal conductive layer 
disposed on a top surface of the substrate is provided on a substrate support. 
The substrate has stray metal conductive material on one or more other surfaces, 
such as an edge or bottom surface of the substrate. The substrate support is 
rotated and the top surface of the substrate is contacted with a liquid etching 
composition in order to remove portions of a top surface of the metal conductive 
layer. One or more other surfaces of the substrate are contacted with a second 
liquid etching composition in order to remove stray metal conductive material. 
The metal conductive layer is exposed to an etchant gas in order to planarize the 
top surface of the metal conductive layer. 

[0011] In another embodiment, a metal conductive feature is formed on a 
substrate. A substrate having a metal conductive layer disposed on a top surface 
of the substrate is provided on a substrate support. A material layer is provided 
on the top surface of the substrate, and the material layer has at least one 
opening therethrough. A metal conductive layer is deposited on the substrate 
such that the metal conductive layer completely fills the opening. The substrate 
is rotated and the top surface of the substrate is contacted with a liquid etching 
composition in order to remove portions of a top surface of the metal conductive 
layer. The metal conductive layer is then exposed to an etchant gas in order to 
planarize the top surface of the metal conductive layer. 

[0012] Also provided is an apparatus for etching a metal conductive layer on a 
substrate. The apparatus comprises a container, a substrate support disposed in 
the container, a rotation actuator attached to the substrate support, and a fluid 
delivery assembly disposed in the container to deliver liquid etching composition 
to a top surface of a substrate disposed on the substrate support. 
[0013] The present invention provides an efficient method for planarizing metal 
conductive layers without the problems that accompany the use of abrasive 
polishing processes. By using the method of the present invention one may 
reduce the number of process platforms and improve process throughput. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The teachings of the present invention can be readily understood by 
considering the following detailed description in conjunction with the 
accompanying drawings, in which: 

[0015] FIG. 1 depicts a schematic illustration of an electroplating system 
platform; 

[0016] FIG. 2 depicts a schematic cross-sectional illustration of a side view of 
an etch-back module that can be used for the practice of embodiments described 
herein; 

[0017] FIG. 3 depicts a schematic illustration of a top view of an etch-back 
module that can be used for the practice of embodiments described herein; 
[0018] FIG. 4 depicts a schematic cross-sectional illustration of a side view of 
one embodiment of nozzle positions in an etch-back module that can be used for 
the practice of embodiments described herein; 

[0019] FIG. 5 depicts schematic cross-sectional illustration of a top view of a 
combination module that can be used for the practice of embodiments described 
herein; 

[0020] FIG. 6 depicts a schematic cross-sectional illustration of a 
deposition/etch platform; 

[0021] FIG. 7 depicts a schematic cross-sectional illustration of a plasma etch 
chamber that can be used for the practice of embodiments described herein; 
[0022] FIG. 8 depicts a series of method steps for planarizing a conductive 
layer; 

[0023] FIGs. 9a-9c depict schematic, cross-sectional illustrations of an 
interconnect structure during various stages of its construction, and the use of a 
wet etch process to reduce the thickness of a metal conductive layer thereon; 
[0024] FIGs. 10a-10c depict schematic, cross-sectional illustrations of a 
second interconnect structure during various stages of its construction, and the 
use of a wet etch process to remove metal conductive material from various 
surfaces thereon; and 
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[0025] FIGs. 11a-11b depict schematic, cross-sectional illustrations of an 
interconnect structure during the various stages of its construction, and the use of 
a dry etch process to form a conductive feature thereon. 

DETAILED DESCRIPTION 
A. Wet Etch Apparatus 

[0026] FIG. 1 is a schematic view of an electroplating system platform 200 
incorporating an etch-back module 212 suitable for the process of the present 
invention. The electroplating system platform 200 generally comprises a loading 
station 210, a thermal annealing chamber 211, a mainframe 214, and an 
electrolyte replenishing system (not shown). The mainframe 214 generally 
comprises a mainframe transfer station 216, a etch-back module 212, a plurality 
of processing stations 218 including electroplating cells 240, and a seed layer 
repair station 215. 

[0027] Preferably, the electroplating system platform 200, particularly the 
mainframe 214, is enclosed in a clean environment using panels such as acrylic 
panels. The mainframe 214 includes a base 217 having cut-outs to support 
various stations needed to complete the electro-chemical deposition process. 
The base 217 is preferably made of aluminum, stainless steel or other rigid 
material that can support the various stations disposed thereon. A chemical 
protection coating, such as Halar™, ethylene-chloro-tri-fluoro-ethylene (ECTFE), 
or other protective coatings, is preferably disposed over the surfaces of the base 
217 that are exposed to potential chemical corrosion. Preferably, the protective 
coating provides good conformal coverage over the conductive metal base 217, 
adheres well to the conductive metal base 217, provides good ductility, and 
resists cracking under normal operating conditions of the system. 
[0028] Each processing station 218 includes one or more processing cells 
240. An electrolyte replenishing system (not shown) is positioned adjacent the 
mainframe 214 and connected to the process cells 240 individually to circulate 
electrolyte used for the electroplating process. The electroplating system 
platform 200 also includes a power supply station (not shown) for providing 
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electrical power to the system and a control system 222, typically comprising a 
programmable microprocessor. 

[0029] The mainframe transfer station 21 6 includes a mainframe transfer robot 
242 disposed centrally to provide substrate transfer between various stations on 
the mainframe. Preferably, the mainframe transfer robot 242 comprises a 
plurality of individual robot arms 2402 that provides independent access to wafers 
in the processing stations 218 the etch-back module 212, the seed layer repair 
stations, and other processing stations disposed on or in connection with the 
mainframe. 

[0030] As shown in FIG. 1, the mainframe transfer robot 242 comprises a 
plurality of robot arms 2402, corresponding to the number of processing cells 240 
per processing station 218. Each robot arm 2402 includes an end effector 2404 
for holding a wafer during a wafer transfer. Preferably, each robot arm 2402 is 
operable independently of the other arm to facilitate independent transfers of 
wafers in the system. Alternatively, the robot arms 2402 operate in a linked 
fashion such that one robot extends as the other robot arm retracts. The 
mainframe transfer robot 242 includes a plurality of robot arms 2402 (two shown), 
and a flipper robot is attached as an end effector 2404 for each of the robot arms 
2402. 

[0031] Flipper robots are generally known in the art and can be attached as 
end effectors for wafer handling robots, such as model RR701, available from 
Rorze Automation, Inc., located in Milpitas, California. The main transfer robot 
242 having a flipper robot as the end effector is capable of transferring substrates 
between different stations attached to the mainframe as well as flipping the 
substrate being transferred to the desired surface orientation. 
[0032] The loading station 210 preferably includes one or more substrate 
cassette receiving areas 224, one or more loading station transfer robots 228 and 
at least one substrate orientor 230. The number of substrate cassette receiving 
areas, loading station transfer robots 228 and substrate orientor 230 included in 
the loading station 210 can be configured according to the desired throughput of 
the system. 
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[0033] A substrate cassette 232 containing substrates 122 is loaded onto the 
substrate cassette receiving area 224 to introduce substrates 122 into the 
electroplating system platform. The loading station transfer robot 228 transfers 
substrates 122 between the substrate cassette 232 and the substrate orientor 
230. The loading station transfer robot 228 comprises a typical transfer robot 
commonly known in the art. The substrate orientor 230 positions each substrate 
122 in a desired orientation to ensure that the substrate is properly processed. 
The loading station transfer robot 228 also transfers substrates 1 22 between the 
loading station 210 and the thermal annealing chamber 211, and between the 
loading station 210 and the etch-back module 212. The loading station 210 
preferably also includes a substrate cassette 231 for temporary storage of 
substrates as needed to facilitate efficient transfer of substrates through the 
system. 

[0034] FIG. 2 depicts a side cross-sectional view of an etch-back module 212 
of the present invention. In the embodiment of the invention as shown in FIG. 1, 
the etch-back module 212 includes a substrate 122 disposed in an electroplating 
system platform 200 for removing excess metal deposited on the substrate. 
Thus, the numbers of platforms required is reduced. The etch-back module 212 
can be a stand-alone unit or disposed as a component of an electroplating 
system platform 200 or other deposition system. The etch-back module 212 is 
preferably connected to the loading station 210, and substrates are transferred 
into and out of the etch-back module 212 by the loading station transfer robot 
228. Although only one etch-back module 212 is shown in FIG. 1, electroplating 
platform 200 may comprise several etch-back modules 290. The etch-back 
modules 290 may be disposed on opposing sides of the loading station 210 or in 
other configurations within electroplating platform 200. 

[0035] The etch-back module 212 comprises a container 102, a wafer holder 
assembly 104 and a fluid delivery assembly 106. The container 102 preferably 
includes a cylindrical sidewall 108, a container bottom 110 having a central 
opening 112, and an upturned inner wall 114 extending upwardly from the 
peripheral edge of the central opening 112. A fluid outlet 1 16 is connected to the 
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container bottom 110 to facilitate draining of the used fluids and chemicals from 
the etch-back module 100. 

[0036] The wafer holder assembly 104 is disposed above the central opening 
112 and includes a lift assembly 118 and a rotation assembly 120 that extends 
through the central opening 112. The lift assembly 118 preferably comprises a 
bellows-type lift or a lead-screw stepper motor type lift assembly, which are well 
known in the art and commercially available. The lift assembly 118 facilitates 
transfer and positioning of the substrate 122 on the wafer holder assembly 104 
between various vertical positions. The rotation assembly 120 preferably 
comprises a rotary motor that is attached below the lift assembly. 
[0037] The wafer holder assembly 104 preferably comprises a vacuum chuck 
124 that secures a substrate 122 from the wafer backside and does not obstruct 
an edge 122e of the substrate 122. Preferably, an annular seal 128, such as a 
compressible O-ring, is disposed at a peripheral portion of the vacuum chuck 
surface to seal the vacuum chuck 124 from the fluids and chemicals used during 
the edge bead removal process. The wafer holder assembly 104 preferably 
includes a wafer lift 130 that facilitates transfer of a wafer from a robot blade of a 
transfer robot onto the wafer holder assembly 104. 

[0038] The wafer lift 130, as shown in Figure 2, comprises a spider clip 
assembly that also can be used to secure a wafer during a spin-rinse-dry 
process. The spider clip assembly comprises a plurality of arms 134 extending 
from an annular base 136 and a spider clip 138 pivotaliy disposed at the distal 
end of the arm 134. The annular base 136 includes a downwardly extending wall 
137 that overlaps the upturned inner wall 114 to contain fluids used during 
processing inside the container 102. The spider clip 138 includes an upper 
surface 140 for receiving the wafer, a clamp portion 142 for clamping the wafer, 
and a lower portion 144 that causes the clamp portion 142 to engage the edge of 
the wafer due to centrifugal force when the wafer holder assembly is rotated. 
Alternatively, the wafer lift 130 comprises commonly used wafer lifts in various 
wafer processing apparatus, such as a set of lift pins or a lift hoop disposed on a 
lift platform or lift ring in or around the vacuum chuck body. 
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[0039] The fluid delivery assembly 106 comprises one or more top nozzles 
150 disposed on one or more dispense arms 152. Each of the one or more top 
nozzles 150 has an opening 151 therethrough through which fluids may be 
dispensed. The dispense arm 152 extends through the container sidewall 108 
and is attached to an actuator 1 54 that extends and retracts to vary the position 
of the one or more top nozzles 150 over the substrate 122. By having an 
extendable dispense arm 152, the one or more top nozzles 150 may be 
positioned over the substrate 122 to point the one or more top nozzles 150 
toward a portion of a top surface 122t of the wafer, which enhances the control 
over the delivery of fluids to the top surface of the substrate 122. Alternatively, 
the dispense arm 152 is fixedly attached to the container sidewall 108, and the 
one or more top nozzles 150 are secured to the dispense arm in a position that 
does not interfere with vertical wafer movement in the container 102. 
[0040] Preferably, the dispense arm 152 includes one or more conduits (not 
shown) extending through the dispense arm for connecting the one or more top 
nozzles 150 to one or more fluid sources 180. Alternatively, the one or more top 
nozzles 150 is connected through a flexible tubing (not shown) disposed through 
a conduit (not shown) in the dispense arm 152. 

[0041] The one or more fluid sources 180 include one or more etchant sources 
160. Each of the one or more etchant sources 160 comprise one or more 
etchants. The one or more etchants may be selected from nitric acid, 
hydrochloric acid, persulfates and peroxygen compounds, among other 
commercially available acids and oxidizers. 

[0042] The one or more fluid sources 180 may also comprise one or more 
rinse fluid sources 162. The one or more rinse fluid sources 162 typically 
comprise deionized water. The one or more rinse fluid sources 162 may 
comprise one or more other constituents, such as, for example, hydrogen 
peroxide, buffers and pH adjusting components. 

[0043] The one or more top nozzles 150 can be selectively connected to the 
one or more fluid sources 180, such as fluid sources 162 and etchant sources 
160, and a computer control 164 switches the connection between the one or 
more fluid sources according to a desired program. Alternatively, a first set of top 
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nozzles are connected to the one or more etchant sources 1 60 and a second set 
of top nozzles are connected to the one or more rinse sources 162, and the 
nozzles are selectively activated to provide fluids to the substrate 122. 
[0044] FIG. 3 is a top schematic view of an etch-back module 212 illustrating 
one embodiment of the positions of the one or more top nozzles 150 for removal 
of portions of a metal conductive layer from a top surface 122t of a substrate 122. 
The substrate 122 may be a semiconductor wafer. As shown, three top nozzles 

150 are disposed substantially evenly spaced about an interior surface of the 
container sidewall 108. The top nozzles 150 are disposed to provide fluids to a 
top portion of the wafer and are positioned to provide sufficient space to allow 
vertical wafer movement between a processing position and a transfer position. 
The fluid delivery or spray pattern is controlled by the shape of the opening 151 in 
each of the top nozzles 150 and the fluid pressure. The shape of the opening 

151 in each of the top nozzles 150 and the fluid pressure may, for example, limit 
fluid delivery to a selected area on the top surface 122t of the substrate 122. The 
openings 151 may conform to one of numerous shapes well known in the art, 
such as for example, circular, elliptical, etc. 

[0045] Referring to FIGs 2, 3 and 4, the top nozzles 150 are positioned so that 
the openings 151 in the nozzles are above a plane 195 defined by the substrate 
122 to provide fluid at an angle of incidence, a, to the top surface 122t of the 
substrate 122 that controls splashing of the etchant as the etchant comes into 
contact with the wafer. While FIGs 2, 3, and 4 depict nozzle 150 positioned 
directly above substrate 122, one or more nozzles 150 may be positioned above 
plane 195, but not directly above substrate 122. Using the extendable dispense 
arm 152, the one or more top nozzles 150 can generally be positioned at any 
point above plane 195, as long as one or more nozzles 150 are capable of 
delivering fluid to the top surface of substrate 122. 

[0046] FIG. 4 is a side view of a nozzle 150 disposed in relation to a substrate 
122 being processed. Preferably, the angle of incidence, a, of the etchant to the 
wafer is between about 0 degrees and about 45 degrees, more preferably 
between about 20 degrees and about 40 degrees. 



11 



PATENT 

Attorney Docket No.: AMAT/6060/CALB/COPPER/PJS 
Express Mail No.: EV041915839US 

[0047] FIG. 5 is a top cross sectional view of a combination module 213. The 
combination module comprises one or more first top nozzles 150a that are similar 
to top nozzles 150 described previously. Combination module 213 also comprises 
one or more additional nozzles 172 directed towards surfaces of the substrate 
other than top surface 122t. This embodiment of the invention is useful for 
etching a metal conductive layer as well as removal of metal conductive material 
from other surfaces of the substrate 1 22, such as an edge 1 22e of the substrate 
122 and a bottom surface 122b of the substrate 122. The components of the 
combination module 213 are similar to the components of the etch-back module 
212 described above, and the same components are indicated by the same 
numbers. Additional nozzles 172 may be positioned above, below, or 
substantially coplanar to plane 195 defined by the substrate. The one or more 
additional nozzles 172 are designed to remove metal conductive material from 
the edge 122e or bottom surface 122b of the substrate 122. 
[0048] The one or more additional nozzles 172 are selectively connected to 
one or more etchant sources 160 and one or more optional rinse fluid sources 
162. The fluids delivered by the nozzles 172 are controlled by the controller 164. 
The one or more additional nozzles 172 are preferably disposed at positions that 
do not interfere with the movement of the wafer lift 130. The one or more 
additional nozzles 172 can also be attached to actuators 154, 174 through arms 
176, 177 that retract and extend to position the nozzles 172 at desired locations. 
The additional nozzles 172 are positioned to provide the fluid at an angle of 
incidence to the surface of the wafer that controls splashing of the etchant as the 
etchant comes into contact with the wafer. 

B. Dry Etch Apparatus 

[0049] FIG. 6 is a schematic representation of a wafer processing system 35 
that can be used to perform integrated circuit fabrication in accordance with 
embodiments described herein. The wafer processing system 35 typically 
comprises process chambers 36, 38, 40, 41, a load-lock chamber 46, a transfer 
chamber 50, a microprocessor controller 54, along with other hardware 
components such as power supplies (not shown) and vacuum pumps (not 
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shown). An example of such a wafer processing system 35 is an CENTURA® 
System, commercially available from Applied Materials, Inc., Santa Clara, 
California. 

[0050] Details of the wafer processing system 35 are described in commonly 
assigned U. S. Patent No. 5,186,718, entitled "Staged-Vacuum Substrate 
Processing System and Method", issued February 1 6, 1 993, which, is hereby 
incorporated by reference. The salient features of the wafer processing system 
35 are briefly described below. 

[0051] A transfer chamber 50 contains a transfer robot 51. The transfer 
chamber 50 is coupled to load-lock chambers 46 as well as a cluster of process 
chambers 36, 38, 40, 41 . 

[0052] Substrates (not shown) are loaded into the wafer processing system 35 
through load-lock chambers 46. Thereafter, transfer robot 51 moves the 
substrates between one or more of the process chambers 36, 38, 40, 41 . 
[0053] The process chambers 36, 38, 40, 41 are used to perform various 
integrated circuit fabrication sequences. For example, process chambers 36, 38, 
40, 41 may include plasma etch chambers, chemical vapor deposition (CVD) 
chambers, rapid thermal process (RTP) chambers, physical vapor deposition 
(PVD) chambers, ionized metal plasma physical vapor deposition (IMP PVD) 
chambers, and anti-reflective coating (ARC) chambers, among others. 
[0054] FIG. 7 depicts a schematic cross-sectional view of a plasma etch 
process chamber 38 of wafer processing system 35. Plasma etch process 
chamber 38 may be used to etch metal conductive layers formed on a substrate, 
such as a semiconductor wafer. Examples of such plasma etch chambers 38 
include MXP chambers and DPS chambers, commercially available from Applied 
Materials, Inc., Santa Clara, California. 

[0055] Details of the plasma etch chamber 38 are described in commonly 
assigned U. S. Patent No. 6,063,233, entitled, "Thermal Control Apparatus for 
Inductively Coupled RF Plasma Reactor having an Overhead Solenoid Antenna", 
issued May 16, 2000, which is hereby incorporated by reference. The salient 
features of the plasma etch process chamber 38 are briefly described below. 
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[0056] The plasma etch chamber 38 generally houses a cathode pedestal 
732, which is used to support such as a substrate 730. A bias power supplied 
from a bias power source supply 734 to the cathode pedestal 732 capacitively 
couples the substrate 730 thereto. Application of the bias power to the cathode 
pedestal 732 also enhances the transport of plasma species (e.g. ions) created in 
the plasma etch process chamber 38 toward the surface of the substrate 730. 
[0057] Depending on the specific process, the substrate 730 can be heated to 
some desired temperature prior to an etch process. For example the cathode 
pedestal 732 may be heated using a silicon ring 736. The silicon ring 736 
surrounds the cathode pedestal 732 and is controllably heated by an array of 
heater lamps 738. The substrate 730 is, in turn, heated by the cathode pedestal 
732. 

[0058] A vacuum pump (not shown), is used to evacuate the plasma etch 
process chamber 38 and to maintain the proper gas flows and pressure inside the 
chamber 38. A showerhead 750, through which process gases are introduced 
into the plasma etch process chamber 38, is located above cathode pedestal 
732. A showerhead 750 is coupled to a gas supply 747, which controls and 
supplies various gases used in different steps of an etch process sequence. 
[0059] Proper control and regulation of the gas flows from the gas supply 747 
is performed by mass flow controllers 748 and the microprocessor controller 54. 
The showerhead 750 allows process gases from the gas supply 747 to be 
uniformly introduced and distributed in the plasma etch process chamber 38. 
[0060] A silicon roof 742 overlays a plasma processing region 770 of the 
plasma process chamber 38. Heating lamps 744 and water cooling channels 756 
control the temperature of the silicon roof 742. 

[0061] An inner inductive coil stack 756 and an outer inductive coil stack 758 
are mounted above the silicon roof 742. The inner inductive coil stack 756 is 
coupled to RF power supply 760, and outer inductive coil stack 758 is coupled to 
RF power supply 762. The resistivity and thickness of the silicon roof 742 are 
chosen to permit axial RF magnetic fields produced by the inductive coil stacks 
756, 758, to pass therethrough. 
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[0062] The inner inductive coil stack 756 and outer inductive coil stack 758 
inductively couple RF energy through the silicon roof 742 into a plasma process 
region 770 of the plasma etch process chamber 38, generating a plasma of 
reactive species therein. Alternatively, a single RF power supply (not shown) with 
an adjustable splitter (not shown) may be coupled to both the inner inductive coil 
stack 756 and outer inductive coil stack 758. 

[0063] The plasma etch process chamber 38 may also include an optical 
emission system (not shown). The optical emission system is used to provide 
optical spectra of any reactive species within the plasma etch chamber 38 during 
a plasma etch process. 

[0064] Plasma etch chamber 38 as described above is controlled by a 
microprocessor controller 54. The microprocessor controller 54 may be one of 
any form of general purpose computer processor (CPU) that can be used in an 
industrial setting for controlling various chambers and sub-processors. The 
computer may use any suitable memory, such as random access memory, read 
only memory, floppy disk drive, hard disk, or any other form of digital storage, 
local or remote. Various support circuits may be coupled to the CPU for 
supporting the processor in a conventional manner. Software routines as 
required may be stored in the memory or executed by a second CPU that is 
remotely located. 

[0065] The software routines are executed after the substrate is positioned on 
the pedestal. The software routines, when executed, transform the general 
purpose computer into a specific process computer that controls the chamber 
operation so that a chamber process is performed. Alternatively, the software 
routines may be performed in hardware, as an application specific integrated 
circuit or other type of hardware implementation, or a combination of software or 
hardware. 

[0066] While the plasma etch chamber 38 described above details a particular 
inductively coupled plasma system, it is within the scope of the invention to use 
other plasma generation methods. For example, chamber 38 may comprise a 
capacitively coupled plasma source. The plasma may be a high density plasma, 
generated by a technique such as high density reflected electron (Hre), arc 
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plasma, electron cyclotron resonance (ecr), or other plasma generation 
techniques known to the art of thin film processing. In one embodiment, the 
plasma is generated in a remote plasma source coupled to etch chamber 38. 

C. Wet Etch Process For Top Surface of Metal Conductive Layer 
[0067] FIGs. 9a-9c illustrate schematic cross-sectional views of a substrate 
900 at different stages of an integrated circuit fabrication sequence incorporating 
a metal conductive layer 906. In general, the substrate 900 refers to any 
workpiece on which layer processing is performed. Depending on the specific 
stage of processing, the substrate 900 may correspond to a silicon or 
semiconductor substrate, or other material layers, which have been formed on 
the substrate. Substrate 900 has a top surface 900t, an edge 900e, and a bottom 
surface 900b. FIG. 9a, for example, illustrates a cross-sectional view of a 
substrate structure in which the substrate 900 is a silicon wafer having a material 
layer 902 disposed atop at least a portion of top surface 900t of substrate 900. 
[0068] The material layer 902 may be, for example, a dielectric layer, such as, 
for example, silicon oxide or other insulating material. In one embodiment, 
material layer 902 has at least one opening 904 formed therein. While FIG. 9a 
depicts a rectangular opening 904, the via may have any other cross-sectional 
shape. The aspect ratio of the opening 904, defined as the height of the opening 
divided by its width, is typically about 4 or greater. 

[0069] In one embodiment, a barrier layer 910 is conformally coated over 
material layer 902 and inside opening 904 as shown in FIG. 9b. The barrier layer 
may comprise, for example, one or more layers of tantalum-containing material. 
Barrier layer 910 reduces the likelihood of the diffusion of metal-species {e.g. 
copper), or non-metal species (e.g. fluorine) between various material layers, and 
thereby improves the electrical integrity of the interconnect structure. 
Furthermore, a seed layer 912 may be conformally coated atop the barrier layer 
910. The seed layer typically comprises a metal, such as, for example, copper. 
The seed layer may be formed by a process, such as, for example, electroless 
deposition. 
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[0070] As shown in FIG. 9b, a metal conductive layer 906 is deposited atop 
seed layer 910. Metal conductive layer 906 may comprise, for example, 
aluminum, tungsten, copper, or combinations thereof. In a preferred 
embodiment, metal conductive layer 906 comprises copper. The metal 
conductive layer may be formed by one or more methods known to the art of 
semiconductor processing, such as, for example, electrochemical plating. 
Electrochemical plating typically comprises depositing a metal conductive layer 
using an applied electrochemical potential to transport conductive species 
through an electrolyte medium onto a substrate. Metal conductive layer may be 
deposited by electrochemical plating using an electroplating system platform, 
such as, for example, electroplating system platform 200, illustrated in FIG. 1. 
Alternatively metal conductive layer 906 may be formed using other methods 
known to the art of semiconductor processing such as, for example, physical 
vapor deposition or chemical vapor deposition. 

[0071] Metal conductive layer 906 has a top surface 906t characterized by 
substantial surface roughness. In one embodiment, the surface roughness of top 
surface 906t may be greater than about 70 Angstroms. Stray metal conductive 
material 906m may be deposited inadvertently on an edge 900e of the substrate 
to form stray edge metal 906e. Stray metal conductive material 906m may also 
be deposited on portions of the bottom surface 900b of the substrate 900 to form 
stray bottom metal 906b. The stray metal conductive material 906m that forms 
stray edge metal 904e and stray bottom metal 906b may have inadvertently 
resulted from deposition of metal conductive layer 906 or other processes. 
[0072] Referring again to FIG. 9b, metal conductive layer 906 completely fills 
opening 904. The metal conductive layer 906 typically has a pre-etch thickness 
990 that is approximately equal to the sum of a feature thickness 990b and a pre- 
etch field thickness 990a. The pre-etch field thickness 990a is defined as the 
thickness of the portion of metal conductive layer 906 that resides above material 
layer 902, barrier layer 910, and seed layer 912 as shown in FIG. 9b, before the 
wet etch process begins. The pre-etch field thickness 990a is preferably greater 
than about 0.2 microns. In an alternate embodiment, metal conductive layer 906 
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is formed on either a material layer or substrate that does not have an opening 
therethrough. 

[0073] FIG. 8 illustrates a series of method steps for planarizing metal 
conductive layer 906 on substrate 900. Optional process steps are indicated with 
dashed lines. A series of method steps 800 begins at step 802 and proceeds to 
step 804 in which substrate 122 having a metal conductive layer 906 formed 
thereon is inserted into a chamber, such as an etch back chamber 212 or 
combination chamber 213, using the mainframe transfer robot 242. The 
substrate 122 is positioned above the wafer holder assembly 104 of the etch-back 
module 100, and the wafer lift 130 lifts the wafer off of the transfer robot blade. 
The robot blade retracts and the wafer lift 130 lowers the wafer onto the vacuum 
chuck 124. The vacuum system is activated to secure the substrate 900 thereon. 
[0074] As shown in FIG. 8, step 806, during the liquid etching process, the 
substrate 900 may be rotated using a means for rotating the substrate 900 such 
as, for example, rotation assembly 120 of etch back module 212. The substrate 
is rotated at a rotation speed of at least about 150 rpm, preferably in the range of 
about 500 to about 3500 rpm. 

[0075] As indicated in FIG. 8, the process proceeds to step 808, in which a 
liquid etching composition is provided to metal conductive layer 906 residing atop 
the top surface 900t of substrate 900. The liquid etching composition selected 
should be one that will dissolve or react with the metal to be removed. Materials 
which may be used, depending on the metal to be removed, include nitric acid, 
hydrochloric acid, persulfates and peroxygen compounds, as well as other 
commercially available etchants and oxidizers and combinations thereof. The 
liquid etching composition may further comprise a diluent, such as, for example, 
deionized water. The liquid etching composition may be stored in a storage 
vessel and provided directly to the metal conductive layer 906 via one or more top 
nozzles 150. Alternatively, the liquid etching composition may be formed in-situ 
by combining etchants from one or more etchant sources, such as etchant 
sources 160, illustrated in FIG.2. The optional diluent may be provided from a 
separate storage vessel, such as rinse source 162 and mixed in situ with the one 
or more etchants from one or more etchant sources 160 to form liquid etching 
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composition. In one embodiment, the liquid etching composition has a 
concentration of sulfuric acid (H2S04) of about 2% by weight and a concentration 
of hydrogen peroxide (H202) of about 6% by weight. 

[0076] The liquid etching composition is applied at a pressure selected for 
efficient removal of the conductive material. Usually, a pressure in the range of 
about 10 psi to about 40 psi is adequate. The composition is applied to metal 
conductive layer 906 through one or more top nozzles 150 while the substrate 
900 rotates. The rotation of substrate 900 provides substantially uniform 
exposure of the top surface of the metal conductive layer 906 to the liquid etching 
composition. The liquid etching composition may be provided in a continuous 
stream of liquid or in discrete pulses. It is preferred that the substrate 900 
continue rotating throughout the entire duration of time that the liquid etching 
composition is provided to metal conductive layer 906. 

[0077] Preferably, the substrate 900 is rotated in the same direction as the 
direction of the liquid etching composition spray to facilitate controlled removal of 
portions of the metal conductive layer 906. For example, as shown in FIG. 3, the 
substrate 900 is rotated in a counter-clockwise direction (arrow A) and liquid 
etching composition is delivered from top nozzles 150 in a counter-clockwise 
spray pattern. The substrate 900 is preferably rotated at least about 150 rpm, 
more preferably between about 500 rpm and about 3500 rpm. 
[0078] The effective etch rate (i.e., the amount of metal conductive layer 906 
removed divided by the time required for removal) is a function of the composition 
of the liquid etching composition, the composition of the metal conductive layer 
906, the duration of contact the velocity of the liquid etching composition 
contacting the substrate 900, the temperature of the liquid etching composition, 
and the velocity of the rotation. These parameters can be varied to achieve 
particular desired results. In one embodiment, sufficient material is removed from 
metal conductive layer 906 such that metal conductive layer 906 has a post wet 
etch field thickness 992b, as shown in FIG. 9c less than about 500 Angstroms. 
The post wet etch field thickness is defined as the thickness of the portion of 
metal conductive layer 906 that resides above material layer 902, barrier layer 
910 and seed layer 912, after the wet etch process is completed, as shown in 
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FIG. 9b. Typically, the effective etch rate of metal conductive layer 906 is in the 
range of about 5000 to about 100,000 Angstroms/minute. 

[0079] Optionally a rinse composition may be provided to the metal conductive 
layer 906, as indicated in step 810 of FIG. 8. The rinse composition is preferably 
provided by one or more nozzles, such as the one or more top nozzles 150. The 
delivery of rinse composition may be simultaneous to the delivery of the liquid 
etching composition. Alternatively, delivery of liquid rinse composition may occur 
at a completely separate period of time than the delivery of liquid etching 
composition. The delivery of liquid rinse composition may be pulsed or 
continuous. Multiple cycles of etching and rinsing are also contemplated. 
[0080] After a period of time that may be preselected, the delivery of liquid 
etching composition and liquid rinse composition are halted and rotation of the 
substrate 900 is stopped. Substrate 900 may, for example, be transferred to 
another processing station on the same platform to undergo additional 
processing. Substrate 900 may be dried, as shown in step 812, by rotating 
substrate 900 at high speed in order to remove liquid etching composition and/or 
liquid rinse composition from substrate 900 and material layers thereon. (Stray 
edge metal 904e and stray bottom metal 906b that are still present after step 81 0 
may be removed in subsequent processing operations.) 

D. Wet Etch Combination Process 

[0081] FIG. 10a, 10b, and 10c depict schematic, cross-sectional illustrations of 
a second interconnect structure during various stages of its construction, and the 
use of a wet etch process to remove metal conductive material from various 
surfaces thereon. As shown in FIG. 10a, in another embodiment of the invention, 
a metal conductive layer 1006 is provided atop material layer 1002. Referring to 
FIG. 10b, in one embodiment, a barrier layer 1010 and a seed layer 1012 are 
conformally coated atop material layer 1002. The barrier layer 1010 and seed 
layer 1012 have a composition similar to the barrier layer 910 and the seed layer 
912 in FIG. 9. Stray metal conductive material 1006m may be provided on an 
edge 1000e of the substrate to form stray edge metal 1006e. Furthermore, stray 
metal conductive material may be deposited on the bottom surface 1000b of the 
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substrate 1000 to form stray bottom metal 1006b. The stray metal conductive 
material forming stray edge metal 1006e and stray bottom metal 1006b may 
result from the metal deposition process. Metal conductive layer 1006 has a 
composition and surface roughness as described above for metal conductive 
layer 906. Metal conductive layer 1006 has a top surface 1006t. 
[0082] As described previously in process steps 804 and 806, substrate 1000 
with material layer 1002 and metal conductive layer 1006 thereon is placed in a 
module, such as, for example, combination module 213, and substrate 1000 is 
rotated. Referring to FIG. 2 and FIG. 5, one or more top nozzles 150 are 
positioned above a plane 195 defined by the substrate 1000, and nozzles 172 are 
positioned above, below, or substantially coplanar to plane 195. The process 
then proceeds to step 808. Liquid etching composition is provided to the top 
surface 1006t of metal conductive layer 906 from top nozzles 150. The process 
then proceeds to optional step 809, in which a second liquid etching composition 
is provided to other surfaces of the substrate 1000 through additional nozzles 
172. The other surfaces may include edge 1000e and bottom surface 1000b. 
Stray edge metal 904e and stray bottom metal 904b as well as portions of metal 
conductive layer 1006 on the top surface of substrate 1000 are thereby removed. 
[0083] The composition of liquid etch composition, the composition of the 
liquid rinse composition, the rotation speed, direction of rotation, as well as other 
process parameters are as described in the above for the wet etch process for 
the top surface of metal conductive layer. The liquid etching composition is 
provided through one or more top nozzles 150. A second liquid etching 
composition is provided through one or more additional nozzles 172. The second 
liquid etching composition generally comprises one or more etchants, such as 
those etchants described previously. 

[0084] While the preceding discussion teaches the use of two liquid etching 
compositions, more than two liquid etching compositions are also contemplated 
in order to provide different etching compositions to various surfaces of substrate 
1000. For example, second liquid etching composition may be provided to edge 
1000e, and a third etching composition may be provided to bottom surface 
1000b. 
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[0085] Delivery of liquid etch compositions through top nozzles 150 and 
nozzles 172 may take place simultaneously or at different points in time. 
Preferably, liquid etch composition is delivered through nozzles 172 for a 
sufficient period of time to substantially remove stray bottom metal 1006b and 
stray edge metal 1006e. In one embodiment, liquid etch composition is delivered 
through top nozzles 150 to metal conductive layer 1006 for a duration of time in 
order to etch metal conductive layer 1006 to a post wet etch field thickness field 
thickness 1092b, as shown in FIG. 10c less than about 500 Angstroms. 
[0086] Optionally, a rinse composition is provided to the top surface 1 006t of 
metal conductive layer 1006 and to edge 1006e and bottom surface 1006b, as 
indicated in step 810. Substrate 1000 is optionally rotated at high speed in order 
to dry substrate 1000, as indicated in step 812. 



E. Dry Etch Process 

[0087] Referring to FIG. 11 and again to FIG. 8, the wet etch procedure 
described above may be used to remove most, but not all of a metal conductive 
layer on a substrate. The wet etch process proceeds fairly rapidly, but is 
generally not accurate enough to remove ail of the conductive material without 
the possibility of damaging the barrier layer. Thus, the wet etch alone might, in 
some applications, leave some of the conductive metal in the field and/or 
penetrate the barrier layer. In such applications, according to this invention the 
wet etch is followed by a dry etch, as hereinafter described. The dry etch 
proceeds move slowly then the wet etch and is more easily controlled to remove 
all, or substantially all of the conductive layer from the field without damaging the 
barrier layer. 

[0088] FIGs 11a-11b illustrate schematic cross-sectional views of a substrate 
1 100 at different stages of an integrated circuit fabrication sequence incorporating 
a metal conductive layer 1106. In general, the substrate 1100 refers to any 
workpiece on which layer processing is performed. Depending on the specific 
stage of processing, the substrate 1100 may correspond to a silicon or 
semiconductor wafer, or other material layers, which have been formed on the 
substrate. Substrate 1100 has a top surface 1100L FIG. 11a, for example, 
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illustrates a cross-sectional view of a substrate structure in which the substrate 
1100 is a silicon wafer having a material layer 1102 disposed atop at least a 
portion of top surface 1 100t of substrate 1 100. The material layer 1 102 may be, 
for example, a dielectric layer, such as, for example, silicon oxide or other 
insulating material. 

[0089] In one embodiment, a barrier layer 1110 and a seed layer 1112 are 
conformally coated atop material layer 1102. The barrier layer 1110 and seed 
layer 1112 have a composition similar to the barrier layer 910 and the seed layer 
912 in FIG. 9. 

[0090] Metal conductive layer 1106 may comprise, for example, aluminum, 
tungsten, copper, or combinations thereof. In a preferred embodiment, metal 
conductive layer 1106 comprises copper. Referring again to FIG. 11a, metal 
conductive layer 1106 completely fills opening 1104. The metal conductive layer 
1106 typically has a thickness 1190 that is approximately equal to the sum of 
feature thickness 1 190a and post wet-etch field thickness 1 190b. 
[0091] Substrate 1100 with metal conductive layer 1106 formed thereon is 
introduced into a chamber, such as, for example, plasma etch process chamber 
38. Metal conductive layer 1106 is etched by introducing an etchant gas into 
chamber 38 and allowing the etchant gas to contact the metal conductive layer 
1106, as shown in step 814. In a preferred embodiment, the etchant gas is 
ignited into a plasma, and energized species within the plasma are allowed to 
contact metal conductive layer 1106. The etchant gas generally comprises a 
material selected from the group consisting of chlorine-containing materials 
bromine-containing materials, fluorine-containing materials, and combinations 
thereof. The chlorine-based material may, for example, be selected from the 
group consisting of chlorine (Cl 2 ), Boron trichloride (BCI 3 ), and trichloromethane 
(CHCI 3 ). The bromine-based material may be, for example, hydrogen bromide 
(HBr). The fluorine-based material may, for example, be selected from the group 
consisting of sulfur hexafluoride (SF6), nitrogen trifluoride (NF3), hexafluoroethane 
(C2F6). The gas mixture may optionally include inert gases such as nitrogen, 
helium, argon, and combinations thereof, among others. 
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[0092] In general, the following process parameters can be used to generate a 
plasma in a process chamber similar to that shown in FIG. 7. The process 
parameters range from a chamber temperature of about 20 degrees Celsius to 
about 100 degrees Celsius, a chamber pressure of about 0.1 torr to about 1 torr, 
a flow rate of etchant gas of about 10 seem to about 200 seem, an inert gas flow 
rate of about 100 seem to about 500 seem, a radio frequency power of about 100 
watts/cm2 to about 5000/cm2, and a bias power from about 1 00 watts to about 
1 000 watts. The above process parameters provide an etch rate for the metal 
conductive layer 1106 in a range of about 500 Angstroms/minute to about 5000 
Angstroms/minute when implemented on a process chamber available from 
Applied Materials, Inc. of Santa Clara, California and configured to accommodate 
200 mm substrates. 

[0093] Energized species, such as, for example, ions and neutral particles 
within the plasma contact the top surface of the metal conductive layer 1 106 and 
remove portions thereof. The method ends at step 816. The plasma etch 
process described is generally more easily controlled than the wet-etch process 
described previously. The top surface 1106t of metal conductive layer 1106 is 
planarized by the plasma etch process. The planarization of top surface 1 106t of 
metal conductive layer 1106 forms a conductive feature 1108, as indicated in 
FIG. 11b. 

[0094] The method and apparatus of the present invention allows for the 
planarization of metal layers without the use of aggressive chemical mechanical 
polishing slurries. The method is also advantageous in that one may reduce the 
thickness of a metal conductive layer using a fast wet etch process and then 
perform a controlled dry etch process to planarize the layer. 
[0095] The method and apparatus of the present invention is compatible with 
integrated circuit formation. Conductive features are readily formed and 
planarized. Furthermore, it is possible to improve the throughput of integrated 
circuit processing operations by eliminating the entire CMP processing platform, 
and conducting an etching and polishing process within in a deposition platform. 
[0096] Although several preferred embodiments which incorporate the 
teachings of the present invention have been shown and described in detail, 
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those skilled in the art can readily devise many other varied embodiments that 
still incorporate these teachings. 
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